McGinn & Gibb, PLLC 
A Professional Limited Liability Company 
Patents, Trademarks, Copyrights, and Intellectual Property Law 
8321 Old Courthouse Road, Suite 200 
Vienna, Virginia 22182-3817 
Telephone (703) 761-4100 
Facsimile (703) 761-2375 



APPLICATION 
FOR 
UNITED STATES 
LETTERS PATENT 



APPLICANT: Ken-ichi NAKAYA 



FOR: TAPE OPTICAL FIBER CORD WITH 

OPTICAL FIBER ARRAY 



DOCKET NO.: PNDF-01221 



OPTICAL FIBER CORD WITH OPTICAL FIBER ARRAY 



FIELD OF THE INVENTION 
lvention relates to a tape optical fiber cord with 
an optical fiber array as a tape optical fiber cord to which an 
optical fiber array has been attached, and more particularly to 
a tape optical fiber cord with an optical fiber array which can 
reduce the occurrence of microbends. 



BACKGROUND OF THE INVENTION 

The spread of the Internet and an increase in the 
capacity of data to be transmitted have led to a massive 
increase in traffic. This tendency has led to energetic 
development of technology for increasing the capacity of 
optical wavelength multiplex communication systems. 

When devices constituting a communication system are 
connected to each other through a plurality of optical fibers, 
a method, wherein a bundle of a plurality of optical fibers is 
provided and is used for connection between these devices, is 
in many cases more convenient than a method wherein the devices 
are connected to each other by separately drawing these optical 
fibers one by one. In this case, a tape optical fiber cord 
(hereinafter often referred to as "tape fiber"), in which a 
plurality of optical fibers are juxtaposed and are then covered 
to bring the optical fiber into a tape, is used. 

Fig. 1 shows a fiber cord with a half pitch fiber array 
which is an example of this type of conventional tape fibers. 
The term "half pitch" as used herein means that optical fibers 



are arranged at a spacing (around 125 jum) of substantially the 
half of general optical fiber arrangement spacing (typically 
around 250 urn) as full pitch in fiber cords. In the example of 
the fiber cord shown in Fig. l, one end of the fiber cord 111 
with a half pitch fiber array is fixed to a half pitch fiber 
array 112 with a pitch of 127 urn, and the fiber cord comprises 
four tapes of a first upper tape 113 lf a second upper tape 113 2 , 
a first lower tape 113 3 , and a second lower tape 113 4 which are 
arranged in two stages. in these tapes (first upper tape 113,, 
second upper tape 113 2 , first lower tape 113 3 , and second lower 
tape 113J , optical fibers are arranged at a full pitch. 

Fig. 2 shows the sectional structure of this fiber cord 
with a half pitch fiber array. it is assumed that each of the 
four tapes of the first upper tape 113,, the second upper tape 
113 2 , the first lower tape 113 3 , and the second lower tape 113 4 
comprises a 12 -core tape core in which 12 optical fibers 115 
are arranged. in this example, the pitch of the optical fibers 
115 in each of the tapes 113, to 113 4 is 250 urn. 

In one end of the fiber cord 111 with a half pitch fiber 
array, the optical fibers constituting the four 12 -core tape 
core are separated one by one into 48 optical fibers 115, to 
115 48 . Optical connectors 117, to 117 4e for input/output of 
optical signals are connected to the respective ends of the 
optical fibers 115, to 115 4e . 

Fig. 3 shows the arrangement of optical fibers in a fiber 
aligning section located on the side of an optical waveguide 
(not shown) . On the inlet side of the half pitch fiber array 
112 shown in Fig. 1, 48 optical fibers in total in the fiber 
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cord 111 with a half pitch fiber array shown in Fig. 1 are 
arranged as shown in Fig. 2. In the fiber aligning section 121 
located on the opposite side of the inlet side, the optical 
fibers are arranged in one stage at a pitch of 127 jam. Thus, 
on the optical waveguide side, the arrangement structure is 
such that, in consideration of a demand for multichannel and a 
reduction in size of devices, the pitch of output side 
waveguides has been reduced to the half of the pitch, that is, 
the half pitch, of the optical fibers 115 on the tapes 113-l to 
113 4 side. In the fiber cord 111 with a half pitch fiber array 
in this example, a two- stage arrangement structure is adopted 
as shown in Fig. 1 or 2 . Therefore, at a portion before the 
fiber aligning section 121, the optical fibers 115 are taken 
out one by one from the upper stage and the lower stage by 
turns and are aligned in the fiber aligning section 121. 

Fig. 4 shows the rearrangement of the optical fibers in 
the fiber array. The numerals from "1" to "48" in this drawing 
(Fig. 4) and Figs. 1 and 3 designate serial numbers of the 
optical fibers. Even when the numbers of the optical fibers 
to 115 48 are regularly permuted one by one in an ascending 
order on the fiber aligning section 121 side, the optical 
fibers 115 1 to 115 48 are distributed to and arranged in the four 
tapes 113 x to 113 4 . As a result, on the other end side of the 
fiber cord 111 with a half pitch fiber array, as shown in Fig. 
1, the optical connectors 117! to 117 48 are arranged in 
intermittent permutation. Therefore, workers responsible for 
connection of the optical connectors 117! to 117 48 should 
perform connection work while selecting corresponding optical 
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fibers 115, for example, from the first tape 113! and the third 
tape 113 3 . This makes the work troublesome, requires a 
prolonged work time, and, at the same time, increases the 
probability of the incidence of mistakes in the work. 

Fig. 5 shows a conventional fiber cord with a half pitch 
fiber array which has overcome the above problems. In Figs. 5 
and 1, like parts are identified with the same reference 
numerals, and the overlapped explanation thereof will be 
omitted. In this fiber cord 131 with a half pitch fiber array, 
a branching case 132 is provided between the half pitch fiber 
array 112 and the optical connectors 117! to 117 48 . 

In the fiber aligning section 121 as the end on the 
optical waveguide (not shown) side in the half pitch fiber 
array 112, the optical fibers 115 are regularly arranged one by 
one in an ascending order as shown in Fig. 3. Therefore, the 
arrangement of the optical fibers 115 between the half pitch 
fiber array 112 and the branching case 13 2 is the same as shown 
in Fig. 3. In the branching case 132, the optical fibers 115 
arranged in this way are rearranged. Specifically, in the 
first tape 133!, optical fibers "1" to "12" in the optical 
fibers 115 are arranged in that order, and, in the second tape 
133 2 , optical fibers "13" to "24" in the optical fibers 115 are 
arranged in that order. Likewise, in the third tape 133 3 , 
optical fibers "25" to "36" in the optical fibers 115 are 
arranged in that order, and, in the fourth tape 133 4/ optical 
fibers "37" to "48" in the optical fibers 115 are arranged in 
that order. Therefore, workers can correctly mount the optical 
connectors 117 x to 117 48 in a short time. 



Fig. 6 shows wiring in the interior of the branching case. 
Here for simplification of the drawing, only optical fibers "1" 
to "24" in the optical fibers 115 are shown. The first upper 
tape 113 1 shown in Fig. 5 and the first lower tape 113 3 not 
shown in Fig. 5 are connected to the left side (half pitch 
fiber array 112 side) in the drawing of the branching case 132. 
On the other hand, the first upper tape 133 2 and the first 
lower tape 13 3 3 both shown in Fig. 5 are connected to the right 
side (optical connectors 117 x to 117 24 side) in the drawing of 
the branching case 132. For clarification of the drawing, the 
first upper tapes 113 17 133 x are indicated by a solid line, and 
the first lower tapes 113 3 , 133 3 are indicated by a dotted line. 
In the interior of the branching case 132, optical fibers are 
connected so as to realize the change in arrangement of left 
and right optical fibers. In this way, when the branching case 
132 shown in Fig. 6 is used, the work of connection between the 
tape optical fiber cord 131 with an optical fiber array and the 
optical connectors 117! to 117 48 can be smoothly carried out 
without difficulty. 

The conventional fiber cord 111 with a half pitch fiber 
array shown in Fig. 5, however, has a problem that, since one 
end thereof is fixed to the branching case 132, microbends 
often occur. Here the term "microbends" means that the 
application of uneven force to the optical fibers 115 causes 
bends having a radius which is large and is not negligible as 
compared with the wavelength of light propagated through the 
core. When microbends occur, light propagated through the core 
is leaked out from the microbends to the outside of the optical 
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fiber, leading to transmission loss. Due to this unfavorable 
phenomenon, a difference in characteristics occurs among the 
optical fibers 115 constituting the tape optical fiber cord 
with an optical fiber array. 

For example, Japanese Patent Laid-Open No. 148480/1994 
discloses a method for preventing the occurrence of microbends. 
In this method, before a molded product of a tape optical fiber 
core is wound, the tape is coated with a silicone oil dissolved 
in a volatile solvent to increase the lubricity of the tape, 
whereby the wound state of the tape is improved to avoid the 
application of uneven force to the optical fiber core and thus 
to prevent the occurrence of microbends. The invention solves 
the problem of the occurrence of microbends during the 
production of the tape optical fiber cord and, at the same time, 
solves the problem of the occurrence of microbends during the 
use of the produced tape optical fiber cord with an optical 
fiber array. 

Fig. 7 illustrates microbends which occur during the use 
of the tape optical fiber cord with an optical fiber array 
using the branching case shown in Fig. 5. The branching case 
132 is connected to the tape optical fiber cord 131 with an 
optical fiber array in its end remote from the half pitch fiber 
array 112, and the portion between both ends of the tape 
optical fiber cord is partially wound. In the where the cable 
is disposed between communication devices not shown, it is 
common practice to use a tape optical fiber cord 131, with an 
optical fiber array, having a length which is somewhat larger 
than necessary, for example, in consideration of relocation of 



the devices in the future. In this case, the cord portion 
between both ends of the tape optical fiber cord is partially 
wound by a predetermined number of times to regulate the whole 
length . 

In Fig. 7, for easy understanding of the explanation, as 
with Fig. 6, the first upper tape 113! is indicated by a solid 
line, and the first lower tape 113 3 is indicated by a dotted 
line. The half pitch fiber array 112 is fixed to the left end 
in the drawing of the tape optical fiber cord 131 with an 
optical fiber array, and the branching case 132 is fixed to the 
right end of the tape optical fiber cord 131 with an optical 
fiber array. The lengths of the first upper tape 113 x and the 
first lower tape 113 3 between the half pitch fiber array 112 
and the branching case 132 are equal' to each other. 

Assuming that the cord portion between both ends of the 
tape optical fiber cord 131 with an optical fiber array is 
partially wound in a given direction once or by a plurality of 
times, that, as shown in the drawing, in the ring- like bent 
portion, the first upper tape 113! is placed inside the first 
lower tape 113 3 , and that the ring- like bent portion is round, 
the radius Rl of the circle in the first upper tape 113 a is 
smaller than the radius R2 of the circle in the first lower 
tape 113 3 . Therefore, the length of the circumference in the 
first upper tape 113 x is shorter than the length of the 
circumference in the first lower tape 113 3 . Since the lengths 
of the first upper tape 113 x and the first lower tape 113 3 
between the half pitch fiber array 112 and the branching case 
132 are equal to each other, in the unbent straight portion, 
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the first upper tape 113 1 is longer by the difference in length 
in the ring-like bent portion than the first lower tape 113 3 . 

This length difference can be determined by equation (1) : 

AL = 27itm ... (1) 

wherein 

AL represents length difference; 

t represents spacing between the core of the first upper 
tape 113! and the core of the first lower tape 113 3 in the 
thicknesswise direction in the tape optical fiber cord 131 with 
an optical fiber array; and 

m represents the number of times of winding in the ring- 
like bent portion. 

The optical fibers undergo local stress under positional 
restriction, for example, by a covering material at several 
sites between both ends of the tape to absorb the excess of 
length of the first upper tape 113 1 . As a result, the optical 
fibers are bent, and microbends 134 occur. A fluctuation in 
environment temperature also accelerates the occurrence of 
microbends . 

In the above explanation, although a two- stage, two- 
column tape optical fiber cord 131 with an optical fiber array 
has been taken as an example, any multistage tape optical fiber 
cord with an optical fiber array has a possibility of posing 
the same problem of occurrence of microbends as described above. 
Further, in the above explanation, although the use of the 
branching case 132 for changing the arrangement of the optical 
fibers 115 has been taken as an example, the fixation of the 
optical fiber cord in its end remote from the optical waveguide 



by any means poses the same problem as described above. 



SUMMARY OF THE INVENTION 
Accordingly, it is an object of the invention to provide 
a tape optical fiber cord with an optical fiber array which, 
even when a tape fiber, in which a plurality of optical fibers 
have been arranged, has been bent in its portion between both 
ends thereof, local microbending of the optical fibers can be 
minimized . 

The features of the invention will be summarized below. 

(1) A tape optical fiber cord with an optical fiber array, 
comprising: (i) a fiber array connected to an optical 
waveguide; and (ii) a tape fiber comprising a tape core section 
produced by aligning a plurality of optical fibers to be fixed 
to the fiber array and forming the whole of the aligned optical 
fibers into a tape, said tape core section being disposed on 
the fixation side of the fiber array, said tape fiber in its 
predetermined position, remote from the tape core section, 
having been fixed, said plurality of optical fibers having been 
separated, at a part or the whole of the position intermediate 
between the two fixed portions, into a predetermined number of 
optical fiber units which is smaller in number than said 
plurality of optical fibers. 

In the tape optical fiber cord with an optical fiber 
array in the above item (1) , one end of a tape fiber is fixed 
to a fiber array connected to an optical waveguide. In the 
tape fiber per se, a tape core section produced by aligning a 
plurality of optical fibers and forming the whole of the 



optical fibers into a tape is provided in the fiber array on 
its fixation side, and the tape fiber in its predetermined 
position remote from the end fixed to the fiber array on its 
fixation side is fixed. In a part or the whole of the position 
intermediate between the two fixed portions, the plurality of 
optical fibers are separated into a predetermined number of 
optical fiber units. Therefore, upon the application of force 
in the bending direction to the tape fiber, the optical fibers 
are freely deformed independently of one another according to 
the applied force, and the direction of deformation by other 
optical fibers or the covering member is not restricted. 
Therefore, force, which locally deforms the optical fibers, is 
less likely to be applied, and, thus, the occurrence of 
microbends can be effectively avoided. 

(2) A tape optical fiber cord with an optical fiber array, 
comprising: (i) a fiber array connected to an optical 
waveguide; and (ii) a tape fiber comprising a tape core section 
produced by aligning, in a plurality of stages, a plurality of 
optical fibers to be fixed to the fiber array and forming the 
whole of the aligned optical fibers into a tape, said tape core 
section being disposed on the fixation side of the fiber array, 
said tape fiber in its predetermined position, remote from the 
tape core section, having been fixed, said plurality of optical 
fibers having been separated, at a part or the whole of the 
position intermediate between the two fixed portions, into a 
predetermined number of optical fiber units which is smaller in 
number than said plurality of optical fibers. 

In the tape optical fiber cord with an optical fiber 



array in the above item (2) , one end of a tape fiber is fixed 
to a fiber array connected to an optical waveguide. In the 
tape fiber per se, a tape core section produced by aligning, in 
a plurality of stages, a plurality of optical fibers and 
forming the whole of the optical fibers into a tape is provided 
in the fiber array on its fixation side, and the tape fiber in 
its predetermined position remote from the end fixed to the 
fiber array on its fixation side is fixed. In a part or the 
whole of the position intermediate between the two fixed 
portions, the plurality of optical fibers are separated into a 
predetermined number of optical fiber units which is smaller in 
number than the number of the plurality of optical fibers. 
Therefore, even when there is a difference in length between 
the outer circumference and the inner circumference derived 
from stages such as upper and lower stages, upon the 
application of force in the bending direction to the tape fiber, 
the optical fibers are freely deformed independently of one 
another according to the applied force, and the direction of 
deformation by other optical fibers or the covering member is 
not restricted. Therefore, force, which locally deforms the 
optical fibers, is less likely to be applied, and, thus, the 
occurrence of microbends can be effectively avoided. 

(3) A tape optical fiber cord with an optical fiber array, 
comprising: (i) a fiber array connected to an optical 
waveguide; and (ii) a tape fiber comprising a tape core section 
produced by aligning, in a plurality of stages, a plurality of 
optical fibers to be fixed to the fiber array and forming the 
whole of the aligned optical fibers into a tape, said tape core 



section being disposed on the fixation side of the fiber array, 
said tape fiber in its predetermined position, remote from the 
tape core section, having been fixed, said plurality of optical 
fibers having been arranged, at the position intermediate 
between the two fixed portions, in one stage, one by one 
parallel to one another and having been formed into a tape. 

In the tape optical fiber cord with an optical fiber 
array in the above item (3) , one end of a tape fiber is fixed 
to a fiber array connected to an optical waveguide. In the 
tape fiber per se, a tape core section produced by aligning, in 
a plurality of stages, a plurality of optical fibers and 
forming the whole of the optical fibers into a tape is provided 
in the fiber array on its fixation side, and the tape fiber in 
its predetermined position remote from the end fixed to the 
fiber array on its fixation side is fixed. The plurality of 
optical fibers are arranged, at the position intermediate 
between the two fixed portions, in a one stage construction, 
one by one parallel to one another and are formed into a tape. 
Therefore, the width of this tape portion is increased 
according to the number of stages in the tape fiber. Unlike 
the cord described in the above item (2), even when this tape 
portion is bent in a direction orthogonal to the width, any 
difference in length derived from stages such as upper and 
lower stages does not occur between the inner circumference and 
the outer circumference. Therefore, force, which locally 
deforms the optical fibers, is less likely to be applied, and, 
thus, the occurrence of microbends can be effectively avoided. 
Further, since this large -width portion has been formed into a 



tape, the cord can be easy to handle even when the length of 
this tape portion is long. 

(4) The tape optical fiber cord with an optical fiber 
array according to the above item (1) or (2), wherein, in the 
tape fiber, the region in which said plurality of optical 
fibers have been separated into a predetermined number of 
optical fiber units which is smaller in number than said 
plurality of optical fibers, has been covered with a protective 
tube . 

According to the tape optical fiber cord with an optical 
fiber array in the above item (4), in the position intermediate 
between both the ends of the tape optical fiber cord with an 
optical fiber array according to the above item (1) or (2) , the 
plurality of optical fibers are separated into a predetermined 
number of optical fiber units which is smaller in number than 
the number of the plurality of optical fibers. This portion is 
covered with a protective tube for protection purposes. When 
the protective tube is provided, the cord is easy to handle 
even when the length of this portion is long. 

(5) The tape optical fiber cord with an optical fiber 
array according to the above item (3), wherein the portion, in 
which said plurality of optical fibers have been arranged in 
one stage one by one parallel to one another and have been 
formed into a tape, has been covered with a protective tube. 

According to the tape optical fiber cord with an optical 
fiber array in the above item (5), in the tape optical fiber 
cord with an optical fiber array according to the above item 
(3), a protective tube is provided for protecting a large-width 



portion in which the plurality of optical fibers have been 
arranged in one stage one by one parallel to one another and 
have been formed into a tape. 

(6) The tape optical fiber cord with an optical fiber 
array according to the above item (4) or (5), wherein the 
protective tube has been fixed at the predetermined position or 
a position near the predetermined position. 

According to the tape optical fiber cord with an optical 
fiber array in the above item (6), the protective tube is fixed 
at the predetermined position, where the tape fiber has been 
fixed, or a position near the predetermined position. For 
example, when the tape fiber has been fixed within a 
predetermined case, the protective tube is fixed to the case in 
its position where the tape fiber has been fixed, or 
alternatively the protective tube is fixed at the end of the 
case. The fixation of the protective tube at the predetermined 
position or a position near the predetermined position can 
facilitate the fixation. 

(7) The tape optical fiber cord with an optical fiber 
array according to any one of the above items (1) to (3) , 
wherein a rearrangement section for rearranging the optical 
fibers is provided at the predetermined position or a position 
near the predetermined position. 

According to the tape optical fiber cord with an optical 
fiber array in the above item (7), since the tape fiber is 
fixed at the predetermined position and the end of the 
protective tube is also fixed at the predetermined position, a 
rearrangement section is provided in this portion. 



(8) The tape optical fiber cord with an optical fiber 
array according to the above item (4) or (5) , wherein a 
rearrangement section for rearranging the optical fibers is 
provided at the predetermined position or a position near the 
predetermined position, and one end of the protective tube has 
been fixed to one end of a case containing the rearrangement 
section . 

According to the tape optical fiber cord with an optical 
fiber array in the above item (8), the end of the case for 
housing therein the rearrangement section is used for the 
fixation of the protective tube. The fixation of the 

protective tube to the end of the case facilitates the fixation 
work and further can eliminate the need to make the inner 
diameter of the case larger than the size of the protective 
tube . 

(9) The tape optical fiber cord with an optical fiber 
array according to the above item (4) or (5), wherein a 
rearrangement section for rearranging the optical fibers is 
provided at the predetermined position or a position near the 
predetermined position, and one end of the protective tube has 
been fixed within a case containing the rearrangement section. 

According to the tape optical fiber cord with an optical 
fiber array in the above item (9), the interior of the case for 
housing therein the rearrangement section is used for the 
fixation of the protective tube. The fixation of the 

protective tube within the case enables the protective tube to 
be stably mounted. 

(10) The tape optical fiber cord with an optical fiber 



array according to the above item (3), wherein said plurality 
of optical fibers fixed to the fiber array are arranged in a 
plurality of columns and in a plurality of stages, and the 
whole of the optical fibers has been formed into a tape. 

According to the tape optical fiber cord with an optical 
fiber array in the above item (10) , the plurality of optical 
fibers fixed to the fiber array may be arranged in a plurality 
of stages and, in addition, may be arranged in a plurality of 
columns of one stage. 

(11) The tape optical fiber cord with an optical fiber 
array according to the above item (10), wherein the number of 
columns is 2 and the number of stages is 2. 

The above item (11) defines a representative example of 
the tape optical fiber cord with an optical fiber array 
according to the above item (10), wherein the number of columns 
is 2 and the number of stages is 2. The number of columns may 
be a value other than 2, and the number of stages may be a 
value other than 2. Further, on each stage may be provided a 
set of a plurality of optical fibers having a different number 
of columns. 

(12) The tape optical fiber cord with an optical fiber 
array according to the above item (4) or (5) , wherein only one 
end of the protective tube has been fixed. 

According to the tape optical fiber cord with an optical 
fiber array in the above item (12) , since only one end of the 
protective tube is fixed, when the tube has been bent, the 
other end of the protective tube can be freely moved. This can 
reduce force applied to the optical fibers provided within the 



protective tube. 

(13) The tape optical fiber cord with an optical fiber 
array according to the above item (4), wherein the protective 
tube has been fixed to optical fibers in a part of the region 
where the said plurality of optical fibers have been separated 
one by one . 

The above item (13) defines an effective fixation form 
other than the fixation of one end of the protective tube. In 
a part of the region where the plurality of optical fibers have 
been separated one by one, the protective tube may be brought 
into contact with the optical fibers to fix the protective tube. 
In this case, when the region, in which the protective tube has 
been fixed by the optical fibers, is long, unnecessary force is 
applied to this region. Therefore, the protective tube is 
fixed by a part of the optical fibers. In the fixation site, 
there is no need to bring the protective tube into contact with 
all the optical fibers. 

(14) The tape optical fiber cord with an optical fiber 
array according to the above item (5) , wherein, in a part of 
the region in which said plurality of optical fibers have been 
arranged in one stage one by one parallel to one another and 
have been formed into a tape, the protective tube has been 
fixed by the optical fiber tape. 

According to the tape optical fiber cord with an optical 
fiber array in the above item (14) , as with the tape optical 
fiber cord with an optical fiber array according to the above 
item (13) , the protective tube may be fixed in a part of the 
large-width tape portion. 
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(15) The tape optical fiber cord with an optical fiber 
array according to the above item (7), wherein the order of 
arrangement of the optical fibers delivered from the 
rearrangement section in its side remote from the fiber array 
is identical to the order of arrangement of the optical fibers 
in the fiber array on the optical waveguide side. 

According to the tape optical fiber cord with an optical 
fiber array in the above item (15) , the rearrangement section 
makes the arrangement of the optical fibers, in connections, 
such as connectors, on the opposite side of optical fiber array, 
identical to the arrangement of the optical fiber on the 
optical waveguide side. As defined in the above item (3), when 
the plurality of optical fibers are arranged, at the position 
intermediate between the two fixed portions, in a one stage 
construction, one by one parallel to one another and are formed 
into a tape, if the arrangement of the optical fibers is 
identical to the arrangement of the optical fibers on the 
optical waveguide side, there is no need to provide the 
rearrangement section at a position between both the ends of 
the tape optical fiber cord with an optical fiber array. 

(16) The tape optical fiber cord with an optical fiber 
array according to the above item (4) or (5) , wherein the 
protective tube is formed of a flame- retardant material. 

According to the tape optical fiber cord with an optical 
fiber array in the above item (16) , the flame redundancy of the 
protective tube can protect the optical fibers. 

(17) The tape optical fiber cord with an optical fiber 
array according to the above item (4) or (5) , wherein the 



protective tube has been fixed to the fiber array on its 
fixation side. 

As defined in the above item (6), the protective tube may 
be fixed at the predetermined position or a position near the 
predetermined position. Alternatively, the protective tube may 
be fixed to the fiber array on its fixation side which is the 
opposite side of the predetermined position. When any one end 
of the protective tube is a free end, the degree of freedom of 
the protective tube can be ensured. 

(18) The tape optical fiber cord with an optical fiber 
array according to any one of the above items (1) to (3), 
wherein the pitch of the optical fibers in the fiber array is 
the half of the pitch (half pitch) of the optical fibers in the 
tape fiber. 

According to the tape optical fiber cord with an optical 
fiber array in the above item (18), when the tape fiber has a 
construction such that the optical fibers are arranged at a 
full pitch, for example, at a pitch of 270 Jim, in two stages, 
this tape fiber may be fixed to a half pitch fiber array. In 
this connection, it should be noted that a tape fiber of a 
pitch other than the above pitch and a fiber array of a pitch 
other than the above pitch may also be of course used. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be explained in more detail in 
conjunction with the appended drawings, wherein: 

Fig. 1 is a plan view showing an example of the 
conventional fiber cord with a half pitch fiber array; 



Fig. 2 is a cross - sec tional view of the center portion of 
the fiber cord with a half pitch fiber array shown in Fig. 1; 

Fig. 3 is a plan view showing the arrangement of optical 
fibers in a fiber aligning section on the side of the 
conventional fiber array; 

Fig. 4 is an explanatory view showing the rearrangement 
of the individual fibers in the fiber array shown in Fig. 1; 

Fig. 5 is a plan view showing an example of the 
conventional fiber cord with a half pitch fiber array provided 
with a branching case; 

Fig. 6 is an explanatory view showing a part of wiring 
within the branching case shown in Fig. 5; 

Fig. 7 is an explanatory view showing the occurrence of 
microbends in the conventional tape optical fiber cord with an 
optical fiber array using a branching case; 

Fig. 8 is a top view of a tape optical fiber cord with an 
optical fiber array in a first preferred embodiment of the 
invention; 

Fig. 9 is a cross - sectional view showing an arrangement 
structure of a tape portion in its site at which the tape is 
fixed to a half pitch fiber array; 

Fig. 10 is an explanatory view showing the arrangement of 
optical fibers in a fiber aligning section located on a fiber 
array side on the side of an optical waveguide (not shown) ; 

Fig. 11 is a side view of the fiber cord with a half 
pitch fiber array shown in Fig. 8; 

Fig. 12 is an enlarged explanatory view of a wound 
portion of the fiber cord with a half pitch fiber array in the 
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first preferred embodiment; 

Fig. 13 is a top view of a tape optical fiber cord with 
an optical fiber array in a second preferred embodiment of the 
invention; 

5 Fig. 14 is a side view of the tape optical fiber cord 

with an optical fiber array in the second preferred embodiment; 

Fig. 15 is a top view of a tape optical fiber cord with 

13 an optical fiber array in a third preferred embodiment of the 

& 

•%t invention; 

m 

JJiO Fig. 16 is a side view of the tape optical fiber cord 

m 

fift with an optical fiber array in the third preferred embodiment; 
!|t Fig. 17 is a top view of a tape optical fiber cord with 

m 

ift an optical fiber array in a fourth preferred embodiment of the 

\f 

Ij invention; 

15 Fig. 18 is a side view of the tape optical fiber cord 

with an optical fiber array in the fourth preferred embodiment ; 

Fig. 19 is a top view of a tape optical fiber cord with 
an optical fiber array in a fifth preferred embodiment of the 
invention; 

20 Fig. 20 is a side view of the tape optical fiber cord 

with an optical fiber array in the fifth preferred embodiment; 

Fig. 21 is a top view of a tape optical fiber cord with 
an optical fiber array in a sixth preferred embodiment of the 
invention; 

25 Fig. 22 is a side view of the tape optical fiber cord 

with an optical fiber array in the sixth preferred embodiment; 

Fig. 23 is a plan view of the principal part of a variant 
of the invention in which, in the tape, the optical fibers are 



separated two fibers by two fibers; 

Fig. 24 is a plan view of the principal part of another 
variant of the invention in which, in a part of the tape, the 
optical fibers are separated one fiber by one fiber; 

Fig. 25 is a plan view of the principal part of a variant 
of the invention in which, in two parts of the tape, the 
optical fibers are separated one fiber by one fiber or a 
plurality of fibers by a plurality of fibers; 

Fig. 26 is an explanatory view showing the relationship 
between the half pitch fiber array and the fiber aligning 
section in the preferred embodiment of the invention; and 

Fig. 27 is an explanatory view of a variant of the 
invention showing a comparison of the pitch in a three -stage 
stacked fiber array with the pitch in a fiber aligning section. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Preferred embodiments of the tape optical fiber cord with 
an optical fiber array according to the invention will be 
explained in detail in conjunction with the accompanying 
drawings . 

<First preferred embodiment) 

Fig. 8 shows a tape optical fiber cord with an optical 
fiber array in the first preferred embodiment of the invention. 
A tape optical fiber cord 201 with an optical fiber array has 
on its one end a half pitch fiber array 202 connected to an 
optical waveguide (not shown) . One end of a tape fiber 203 in 
two columns of two stages is fixed to the half pitch fiber 
array 202. This tape fiber 203 comprises tapes arranged in two 



columns of two stages, i.e., a first upper tape 204 17 a second 
upper tape 204 2 , a first lower tape 204 3/ and a second lower 
tape 204 4 each comprising 12 -core tape core. In Fig. 8, however, 
only the first upper tape 204 1 and the second upper tape 204 2 
are shown, and two tapes of the first lower tape 204 3 and the 
second lower tape 204 4 are hidden respectively by the first 
upper tape 2 04 x and the second upper tape 2 04 2 and are not shown. 

The tape fiber 203 in its side fixed to the half pitch 
fiber array 202 is covered over a length LI, and, after that 
portion, the cover is not provided, and the fibers are 
separated one by one into array- side optical fibers 205 1 to 
205 48 . The other end of the array- side optical fibers 205 x to 
205 48 is inserted into a branching case 207. The tape fiber 203 
is fixed in a fixation section 208 within the branching case 
207 to the case. If necessary, the form of the fibers are 
returned to tapes 204! to 204 4 , arranged in two columns of two 
stages, which are then connected to one end of a branching 
section 209. The branching section 209 has the same 

construction as the branching case 132 shown in Fig. 5 and are 
constructed so that the array- side optical fibers 205! to 205 48 
arranged in the same manner as in the first upper tape 2 04 x to 
the second lower tape 204 4 are rearranged in the order of the 
serial numbers from "1" to "48." One end of each of connector- 
side optical fibers 21^ to 211 4B associated one by one with the 
array- side optical fibers 205 2 to 205 48 is connected to the 
other end of the branching section 209, and connectors 212 x to 
212 48 are connected respectively to the other end of these 
connector- side optical fibers 211 x to 211 48 . 



In the tape optical fiber cord 201 with an optical fiber 
array in this first preferred embodiment, one end of a 
protective tube 214 is fixed to the fixation section 208 in the 
interior of the branching case 207. The protective tube 214 is 
formed of a tubular covering member which is somewhat larger 
than the whole size of the array- side optical fibers 205 L to 
205 48 so as to cover the array- side optical fibers 205 2 to 205 48 
with the protective tube 214 while leaving a some space between 
the protective tube 214 and the array- side optical fibers 205 x 
to 205 48 , and the half pitch fiber array 202 side of the 
protective tube 214 is opened without being fixed. The 
protective tube 214 functions to protect the array- side optical 
fibers 205 x to 205 48 in which the covering of the tape fiber 203 
has been peeled off. Accordingly, the length of the protective 
tube 214 is set so as to cover the cover-peeled portion in the 
array-side optical fibers 205 1 to 205 48 . 

Fig. 9 shows arrangement structure of a tape fiber in 
its site at which the tape is fixed to a half pitch fiber array. 
In this preferred embodiment, each of the four tapes of the 
first upper tape 204^ the second upper tape 204 2 , the first 
lower tape 204 3 , and the second lower tape 204 4 comprises a 12- 
core tape core in which 12 optical fibers 205 are arranged in 
each tape. In this preferred embodiment, the pitch (spacing) 
of the optical fibers 205 in each of the tapes 204 x to 204 4 is 
250 |um. 

Fig. 10 shows the arrangement of optical fibers in a 
fiber aligning section on the side of an optical waveguide (not 
shown). On the inlet side of the half pitch fiber array 202, 



48 (in total) array-side optical fibers 205! to 205 48 
constituting the fiber cord 201 with a half pitch fiber array 
shown in Fig. 8 are arranged as shown in Fig. 9. In the fiber 
aligning section 231 located on the opposite side of the inlet 
side, the optical fibers are arranged in one stage at a pitch 
of 127 jum. Thus, on the optical waveguide side, the 

arrangement structure is such that, in consideration of a 
demand for multichannel and a reduction in size of devices, the 
pitch of output side waveguides has been reduced to the half of 
the pitch of the optical fibers 205 on the tapes 20A 1 to 204 4 
side, that is, the half pitch. The tape portion in the fiber 
cord 201 with a half pitch fiber array is constructed so that 
the tapes are arranged in two columns of two stages. Therefore, 
in a position before the fiber aligning section 231, the 
optical fibers 2 05 are taken out one by one from the upper 
stage and the lower stage by turns and are aligned in the fiber 
aligning section 231. 

Fig. 11 is a side view of the fiber cord with a half 
pitch fiber array shown in Fig. 8. In Figs. 11 and 8, a 
branching case 207 is disposed at substantially the center 
portion of the tape optical fiber cord 201 with an optical 
fiber array. The construction, however, is not limited to this 
only. When the tape optical fiber cord 201 with an optical 
fiber array per se is relatively long, the distance from the 
branching case 207 to the half pitch fiber array 202 is in some 
cases relatively short. In this case, in only a portion around 
the end of the half pitch fiber array 202 side in the tapes of 
204 x to 204 4 arranged in two columns of two stages, the array- 



side optical fibers 205! to 205 48 are separated one by one, and 
this portion is covered with the covering tube 214. 
Specifically, as shown in Figs. 8 and 11, in some cases, in a 
major part of the tape optical fiber cord 201 with an optical 
fiber array, the tapes 204 x to 204 4 arranged in two columns of 
two stages are separated one by one into the array- side optical 
fibers 205! to 205 48 , and, in another case, in only a small part 
of the tape optical fiber cord 201 with an optical fiber array, 
the tapes 204! to 204 4 arranged in two columns of two stages are 
separated one by one into the array- side optical fibers 205! to 
2 0 5 48 . 

Likewise, in this preferred embodiment, the connector- 
side optical fibers 21l! to 211 48 are separated one by one and 
delivered from the branching case 207, and the connectors 212 x 
to 212 48 are connected respectively to the ends of these fibers. 
The construction, however, is not limited to this only. When 
the distance from the branching case 207 to the connectors 212 x 
to 212 48 is long, a construction may be adopted wherein the 
tapes arranged in two columns of two stages are delivered from 
the branching case 207 and the connector- side optical fibers 
211.,. to 211 48 are separated halfway one by one. 

Fig. 12 shows the behavior of optical fibers in the case 
where the fiber cord with a half pitch fiber array, in this 
preferred embodiment, in its portion around the branching case 
has been wound. Here, however, for easy understanding of the 
drawing, only two optical fibers, i.e., one connector - side 
optical fiber 21l! in the first upper tape 204 x and one 
connector- side optical fiber 211 48 in the second lower tape 204 4 , 



are shown. 

As shown in this drawing, when the protective tube 214 is 
wound so that the second lower tape 204 4 side has a larger 
diameter, in this wound portion, the length of the connector- 
side optical fiber 21^ becomes larger than the length of the 
connector- side optical fiber 211 48 . However, both the 

connector- side optical fibers 211 x and 211 48 can freely deform 
their position within the protective tube 214 and can be flexed 
so as to draw a moderate wave to absorb the excess of the 
length. Therefore, even when the length of the connector - side 
optical fiber 211 1 has become larger than the length of the 
connector- side optical fiber 211 48 , stress is not locally 
applied within the protective tube 214 and, thus, the 
occurrence of microbends can be effectively prevented. 
<Second preferred embodiment> 

Fig. 13 is a top view of a tape optical fiber cord with 
an optical fiber array in the second preferred embodiment of 
the invention, and Fig. 14 a side view of the tape optical 
fiber cord with an optical fiber array in the second preferred 
embodiment. In Figs . 8, 13, and 14, like parts are identified 
with the same reference numerals, and the overlapped 
explanation thereof will be omitted. A tape optical fiber cord 
3 01 with an optical fiber array in this second preferred 
embodiment has on its one end a half pitch fiber array 202. 
The tape optical fiber cord 301 with an optical fiber array 
comprises four tapes arranged in two columns of two stages, 
i.e., a first upper tape 204 x , a second upper tape 204 2 , a first 
lower tape 204 3 , and a second lower tape 204 4 each comprising 
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12-core tape core. In Fig. 13, however, as with Fig. 8, only 
the first upper tape 204 x and the second upper tape 204 2 are 
shown. 

The tape fiber 203 in its side fixed to the half pitch 
fiber array 202 is covered over a length LI and comprises tapes 
204! to 204 4 arranged in two columns of two stages, and, after 
that portion, the cover is not provided, and the fibers are 
separated one by one into array- side optical fibers 205! to 
205 48 . The other end of the array- side optical fibers 205 x to 
205 48 is inserted into a branching case 307. The tape fiber 203 
is fixed in a fixation section 3 08 within the branching case 
307 directly to the case. If necessary, the form of the fibers 
are returned to tapes 204 x to 204 4 and arranged in two columns 
of two stages, which are then connected to one end of a 
branching section 209. One end of each of connector- side 
optical fibers 211! to 211 4e associated one by one with the 
array- side optical fibers 205! to 205 48 is connected to the 
other side of the branching section 209, and connectors 212 ± to 
212 48 are connected respectively to the other end of these 
connector- side optical fibers 211! to 211 48 . 

In the tape optical fiber cord 201 with an optical fiber 
array in this second preferred embodiment, one end of a 
protective tube 314 is fixed to the branching case 307 in its 
end on the half pitch fiber array 202 side. The length of the 
protective tube 314 is set so as to cover the cover-peeled 
portion in the array- side optical fibers 205! to 205 48 - The 
branching case 307 may be identical to the branching case 207 
in the first preferred embodiment. In this preferred 



embodiment, however, a protective tube is used wherein the size 
of the tube has been reduced by a length created from the fact 
that the protective tube 314 has not been inserted into the 
branching case. 

In this second preferred embodiment, one end of the 
protective tube 314 is fixed to the end of the branching case 
307. Alternatively, the protective tube 314 may not be fixed 
to the branching case 3 07 per se, and, instead, may be fixed 
with an adhesive or the like to the array- side optical fibers 
205 x to 205 48 only in their predetermined portion, for example, 
around the end of the branching case 3 07. In this case, the 
protective tube 314 is not necessarily fixed to all the array- 
side optical fibers 205! to 205 48 and may be fixed to a part of 
the array- side optical fibers 205 1 to 205 48 . 
< Third preferred embodiment > 

Fig. 15 is a top view of a tape optical fiber cord with 
an optical fiber array in the third preferred embodiment of the 
invention, and Fig. 16 a side view of the tape optical fiber 
cord with an optical fiber array in the third preferred 
embodiment. In Figs. 8, 13, 15 and 16, like parts are 
identified with the same reference numerals, and the overlapped 
explanation thereof will be omitted. A tape optical fiber cord 
401 with an optical fiber array in this third preferred 
embodiment is the same as the tape optical fiber cord 3 01 with 
an optical fiber array in the second preferred embodiment, 
except that the protective tube 314 is not provided. 
Accordingly, the array- side optical fibers 205 ± to 205 48 are 
fixed as a bundle of the array- side optical fibers 205! to 205 48 
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or as the tape fiber 203 comprising the tapes 204 x to 204 4 
arranged in two columns of two stages, in the fixation section 
308 within the branching case 307, directly to the case. 

Thus, in the tape optical fiber cord 401 with an optical 
5 fiber array in the third preferred embodiment, the array- side 
optical fibers 205 2 to 205 48 are separated one by one in a 
limited section between the half pitch fiber array 202 and the 
|& branching case 307. Further, since the protective tube 314 

m 

!p shown in Fig. 13 is not provided, the array-side optical fibers 
igO 205 x to 205 48 can be more freely flexed one by one. Therefore, 

fj| any large force is not locally applied to these optical fibers. 

If! 

< % This can more effectively prevent the occurrence of microbends. 

m 

|:H < Fourth preferred embodiment > 

§ 

S| Fig. 17 is a top view of a tape optical fiber cord with 

m 

|J5 an optical fiber array in the fourth preferred embodiment of 
the invention, and Fig. 18 a side view of the tape optical 
fiber cord with an optical fiber array in the fourth preferred 
embodiment. In Figs. 8, 17, and 18, like parts are identified 
with the same reference numerals, and the overlapped 

2 0 explanation thereof will be omitted. In a tape optical fiber 
cord 501 with an optical fiber array in the fourth preferred 
embodiment, the fibers in the tape fiber 203, comprising tapes 
arranged in two columns of two stages, in its end remote from 
the end fixed to the half pitch fiber array 202 are separated 

25 one by one as array- side optical fibers 205 2 to 205 48 . In this 
case, these array-side optical fibers 20S 1 to 205 48 are 
rearranged in one stage by taking out the optical fibers one by 
one from the first upper tape 204 x and the first lower tape 204 3 



by turns and arranging these optical fibers in the same manner 
as described above in connection with the arrangement of the 
fibers in one stage in the fiber aligning section 231 shown in 
Fig. 10 and, likewise, taking out the optical fibers one by one 
from the second upper tape 204 2 and the second lower tape 204 4 
by turns and arranging these optical fibers. Therefore, 
assuming that the spacings among the optical fibers are 
identical to one another, the whole width of the array- side 
optical fibers 205 x to 205 48 , which have been separated one by 
one and have been arranged in one stage, is twice, i.e., 2Tw, 
the width Tw of the two -stage portion. That is, the width in 
the portion is about twice the width in the same portion in the 
first preferred embodiment shown in Fig. 8. 

It is a matter of course that the spacing among the 
optical fibers (pitch) in the large width portion which has 
been changed to a one stage construction may be made smaller 
than the spacings among the optical fibers (pitch) in the two- 
stage portion. In this case, the width in the one- stage 
portion can be brought to substantially the same value as the 
width Tw in the two- stage portion. 

As described above in connection with the preferred 
embodiment shown in Fig. 17, when the whole width of the array- 
side optical fibers 205 ± to 205 48 is increased, the width of the 
branching case 507 should be increased. The array- side optical 
fibers 205! to 205 48 are fixed in a fixation section 508 within 
the branching case 507 to the case. In this preferred 
embodiment, the array-side optical fibers 205! to 205 4g have 
already been changed to a one- stage construction and are 



arranged from "1" to "48" in an ascending order. Therefore, 
the inside of the branching case 507 is hollow, and, unlike the 
branching section 209 in the first preferred embodiment, any 
device for rearrangement of the fibers is not provided. In 
this preferred embodiment, the array- side optical fibers 205! 
to 205 48 are passed through the branching case 507, and 
connectors 212 x to 212 48 are connected respectively to the ends 
of the fibers . 

In some tape optical fiber cord 501 with an optical fiber 
array, the distance between the branching case 507 and the 
connectors 212 2 to 212 48 is relatively long. In this case, when 
the array- side optical fibers 205! to 205 48 are in the state of 
being separated one by one on the outlet side of the branching 
case 507, there is a fear that it is difficult to confirm the 
order of the fibers. When the above fear exists, as shown in 
Fig. 5, a method may be adopted wherein tapes arranged, for 
example, in two columns of two stages are delivered from the 
branching case 507, and, at a position near the connectors 212 1 
to 212 48 , the fibers are separated one by one. When this method 
is adopted, a branching section for changing the arrangement of 
the array- side optical fibers 205 2 to 205 48 should be provided 
within the branching case 507. 

In this preferred embodiment, one end of the protective 
tube 514 is fixed to the branching case 507 in its end on the 
half pitch fiber array 202 side. The other end of the 
protective tube 514 is extended to a portion near the half 
pitch fiber array 202. In this case, as with the above 
preferred embodiment, the other end of the protective tube 514 



is not fixed to the half pitch fiber array 202. 
<Fifth preferred embodiment > 

Fig. 19 is a top view of a tape optical fiber cord with 
an optical fiber array in the fifth preferred embodiment of the 
invention, and Fig. 20 a side view of the tape optical fiber 
cord with an optical fiber array in the fifth preferred 
embodiment. In Figs. 8, 17 , 19, and 20, like parts are 
identified with the same reference numerals, and the overlapped 
explanation thereof will be omitted. In the tape optical fiber 
cord 601 with an optical fiber array in the fifth preferred 
embodiment, as with the tape optical fiber cord 501 with an 
optical fiber array in the fourth preferred embodiment, the 
fibers in the tape fiber 203, comprising tapes arranged in two 
columns of two stages, in its end remote from the end fixed to 
the half pitch fiber array 202 are separated one by one as 
array-side optical fibers 205 1 to 205 48 . In this connection, it 
should be noted that, in the fourth preferred embodiment, the 
array- side optical fibers 205 1 to 205 48 , which have been 
separated one by one, are covered with the protective tube 514 
(see Fig. 17), whereas, in this preferred embodiment, the 
fibers, which have been changed to a one- stage construction, as 
such are coated with a resin to prepare a tape 605. 

The other end of the tape 605 is fixed in a fixation 
section 608 within a branching case 607 to the case 607. In 
this preferred embodiment, the array- side optical fibers 205 x 
to 205 48 in the tape 605 have already been changed to a one- 
stage construction and are arranged from "1" to "48" in an 
ascending order. Therefore, the inside of the branching case 



607 is hollow, and, unlike the branching section 209 in the 
first preferred embodiment, any device for rearrangement of the 
fibers is not provided. In this preferred embodiment, the tape 
605 is passed through the branching case 507, the fibers in the 
tape are separated at a desired site into the array- side 
optical fibers 205! to 205 48 , and connectors 212! to 212 48 are 
connected respectively to the ends of the fibers. 

It is a matter of course that a construction may be 
adopted that the tape 605 is again brought to the tape fiber 
2 03, comprising tapes arranged in two columns of two stages, 
within the branching case 607, and the tape fiber 203 is then 
connected to the branching section 209 shown in Fig. 8. 
<Sixth preferred embodiment> 

Fig. 21 is a top view of a tape optical fiber cord with 
an optical fiber array in the sixth preferred embodiment of the 
invention, and Fig. 22 a side view of the tape optical fiber 
cord with an optical fiber array in the sixth preferred 
embodiment. In Figs. 8, 19, 21, and 22, like parts are 
identified with the same reference numerals, and the overlapped 
explanation thereof will be omitted. The tape optical fiber 
cord 701 with an optical fiber array in this sixth preferred 
embodiment is the same as the tape optical fiber cord with an 
optical fiber array in the fifth preferred embodiment, except 
that the tape fiber 203 has been covered with a protective tube 
714. One end of the protective tube 714 is fixed in a fixation 
section 708 within a branching case 707 to the case. 

In this preferred embodiment, the array- side optical 
fibers 205! to 205 48 have been brought to a flat cable- like tape 



605. Therefore, the diameter of the protective tube 714 may be 
such that some space is left between the protective tube 714 
and the tape 605 so that the provision of the protective tube 
714 does not adversely affect the flex of the tape 605. 

In the above preferred embodiments, materials for the 
protective tubes 214, 314, 514, and 714 have not been 
particularly described. Any flexible material, which has 
hitherto been used in cables, may of course be used without 
particular limitation. Further, the use of flame - retardant 
materials is beneficial for some environment under which the 
tape optical fiber cord is used. 

Further, the above preferred embodiments have been 
explained by taking tape optical fiber cords with an optical 
fiber array of two-column, two-stage type. However, it is a 
matter of course that the construction of the column and the 
stage is not limited to this construction only. Further, 
although the above preferred embodiments have been explained by 
taking a 12 -core tape core as an example, the invention can 
also be applied to the case where the number of cores is not 12. 

In the above preferred embodiments, the connector- side 
optical fibers 211 1 to 211 48 are separated one by one and are 
delivered from the branching case 207. The invention, however, 
is not limited to this construction. 

Fig. 23 is a plan view of the principal part of a variant 
of the invention in which, in the tape, the optical fibers are 
separated two fibers by two fibers. Specifically, the fibers 
constituting the tape 213 are separated two optical fibers by 
two optical fibers, that is, separated into optical fibers 



(211 1 and 211 2 ) and (211 3 and 211 4 ) .... Thus, for example, for 
some materials of the tape 213, there is no need to separate 
the fibers one by one into optical fibers 211 lf 211 2 , .... Even 
in this case, the occurrence of microbends can be prevented by 
separating the fibers a predetermined number of fibers by a 
predetermined number of fibers. 

Fig. 24 is a plan view of the principal part of another 
variant of the invention in which, in a part of the tape, the 
optical fibers 211 are separated one fiber by one fiber. In 
this way, the number of optical fibers 211 to be separated may 
be varied. If necessary, a combination of the forms of 
separation, for example, a combination of the separation of 
optical fibers two fibers by two fibers with the separation of 
optical fibers three fibers by three fibers may be adopted. 
This also can practically prevent the occurrence of microbends. 

Fig. 25 illustrates that the number of regions (parts) in 
which the optical fibers are separated is not limited to one. 
As shown in Fig. 25, there is no need to separate the optical 
fibers 211 one fiber by one fiber or a plurality of fibers by a 
plurality of fibers in only one region in the longitudinal 
direction of the tape 213, and, as shown in this drawing, the 
separation of the optical fibers may be carried out in two 
regions 251, 252 or more regions. When the regions for 
separating the optical fibers 211 are intermittently provided 
in this way, the tape 213 can be easily handled even in the 
case when the length of the tape 213 is long. 

Although the above preferred embodiments have been 
explained by taking half pitch fiber arrays 202 as an example, 



the invention can also be applied to other pitches. 

Fig. 26 shows the relationship between the half pitch 
fiber array and the fiber aligning section in the preferred 
embodiment of the invention. In Fig. 26, the pitch of the 
optical fibers in the fiber aligning section 121 is the half of 
the pitch of the optical fibers 211 in the half pitch fiber 
array 202 in which tapes have been stacked in two stages. By 
virtue of this construction, the individual optical fibers 211 
can be associated one by one with the optical fibers in the 
fiber aligning section 121. 

Fig. 27 shows a comparison of the pitch in a three-stage 
stacked fiber array with the pitch in a fiber aligning section. 
In this preferred embodiment, the pitch of the optical fibers 
in the fiber aligning section 121 is one- third of the pitch of 
the optical fibers 211 in the fiber array 202A in which tapes 
have been stacked in three stages. By virtue of this 
construction, the individual optical fibers 211 can be 
associated one by one with the optical fibers in the fiber 
aligning section 121. The invention can also be applied to the 
case where the pitch of the optical fibers 211 on the fiber 
array side is four times or the like that in the fiber aligning 
section 121. 

As described above, according to the tape optical fiber 
cord with an optical fiber array in the above item (1) or (2), 
in a part or the whole of the position intermediate between the 
tape fiber on its fiber array fixation side and the 
predetermined position remote from the fixation side, the 
plurality of optical fibers are separated into a predetermined 



number of optical fiber units which is smaller in number than 
the number of the plurality of optical fibers. Therefore, upon 
the application of force in the bending direction to the tape 
fiber, the optical fibers are freely deformed independently of 
one another according to the applied force, and the direction 
of deformation by other optical fibers or the covering member 
is not restricted. Therefore, force, which locally deforms the 
optical fibers, is less likely to be applied, and, thus, the 
occurrence of microbends can be effectively avoided. 

In such a state that the plurality of optical fibers 
fixed to the fiber array are aligned in a plurality of stages, 
upon the application of force in the bending direction to the 
tape fiber, a difference in length exists between the outer 
circumference and the inner circumference derived from stages 
such as upper and lower stages. According to the tape optical 
fiber cord with an optical fiber array in the above item (1) , 
however, the optical fibers are freely deformed independently 
of one another according to the applied force, and, further, 
the deformation direction is not restricted by other optical 
fibers or the covering member. Therefore, even in the case of 
a tape optical fiber cord with an optical fiber array in which 
a large number of optical fibers are accommodated in a 
multistage construction, the occurrence of microbends can be 
effectively prevented. 

According to the tape optical fiber cord with an optical 
fiber array in the above item (3), in the position intermediate 
between the tape fiber on its fiber array fixation side and the 
predetermined position remote from the fixation side, the 



plurality of optical fibers are arranged in a one stage 
construction one by one parallel to one another and are formed 
into a tape. Therefore, the width of this tape portion is 
increased according to the number of stages in the tape fiber. 
Unlike the cord described in the above item (2), however, even 
when this tape portion is bent in a direction orthogonal to the 
width, any difference in length derived from stages such as 
upper and lower stages does not occur between the inner 
circumference and the outer circumference. Therefore, force, 
which locally deforms the optical fibers, is less likely to be 
applied, and, thus, the occurrence of microbends can be 
effectively avoided. Further, since this large-width portion 
has been formed into a tape, the cord can be easy to handle 
even when the length of this tape portion is long. 

According to the tape optical fiber cord with an optical 
fiber array in the above item (4), the portion, in which the 
plurality of optical fibers have been separated into a 
predetermined number of optical fiber units which is smaller in 
number than the plurality of optical fibers, can be protected, 
and, further, even when this portion is long, the region, where 
the individual optical fibers are present, can be restricted to 
some extent. By virtue of this, the cord is made easy to 
handle . 

According to the tape optical fiber cord with an optical 
fiber array in the above item (5), the portion, in which the 
plurality of optical fibers have been arranged in one stage one 
by one parallel to one another and have been formed into a tape, 
is covered with a protective tube. Therefore, the tape portion 



can be made more thin and flexible. This can further reduce 
stress applied to the individual optical fibers. 

According to the tape optical fiber cord with an optical 
fiber array in the above item (6) , the protective tube is fixed 
at the predetermined position, where the tape fiber has been 
fixed, or a position near the predetermined position. This 
improves the whole work. Further, according to the tape 
optical fiber cord with an optical fiber array in the above 
item (7), the provision of the rearrangement section in the 
identical position can improve the workability. 

According to the tape optical fiber cord with an optical 
fiber array in the above item (8), one end of the protective 
tube is fixed to the end of the case containing the 
rearrangement section. The fixation of the protective tube to 
the end of the case facilitates the fixation work and further 
can eliminate the need to make the inner diameter of the case 
larger than the size of the protective tube. 

According to the tape optical fiber cord with an optical 
fiber array in the above item (9), the fixation of the 

protective tube within the case enables the protective tube to 

be stably mounted. 

According to the tape optical fiber cord with an optical 

fiber array in the above item (12) , since only one end of the 

protective tube is fixed, when the tube has been bent, the 

other open end of the protective tube can be freely moved. 

This can reduce force applied to the optical fibers provided 

within the protective tube. 

According to the tape optical fiber cord with an optical 



fiber array in the above item (13), in a part of the region 
where the plurality of optical fibers have been separated one 
by one, the protective tube is fixed to the optical fiber. By 
virtue of this construction, the movement of the protective 
tube may be prevented in such a state that the force applied to 
the optical fibers has been reduced. This is true of the tape 
optical fiber cord with an optical fiber array in the above 
item (14) . 

According to the tape optical fiber cord with an optical 
fiber array in the above item (16) , the flame redundancy of the 
protective tube can protect the optical fibers. 

According to the tape optical fiber cord with an optical 
fiber array in the above item (17) , the protective tube is 
fixed to the fiber array on its fixation side. As with the 
tape optical fiber cord with an optical fiber array in the 
above item (6) wherein the protective tube is fixed to the 
other side of the cord, even when the protective tube has been 
bent, the protective tube is not locally and unnaturally 
deformed. Therefore, the deformation direction of the optical 
fibers arranged within the protective tube is less likely to be 
restricted, and the occurrence of microbends can be effectively 
avoided . 

According to the tape optical fiber cord with an optical 
fiber array in the above item (18), the pitch of the optical 
fibers in the fiber array is the half of the pitch (half pitch) 
of the optical fibers in the tape fiber. By virtue of this 
construction, for representative tape optical fiber cords with 
an optical fiber array, the occurrence of microbends can be 



reduced . 

The invention has been described in detail with 

particular reference to preferred embodiments, but it will be 

understood that variations and modifications can be effected 

within the scope of the invention as set forth in the appended 
claims . 



